
Overview of NASA B‐200 King Air  
RACORO Opera8ons and Science  

Richard Ferrare, Chris Hostetler, John Hair, Anthony Cook, David Harper, 
Mike Obland, Ray Rogers, Amy Jo Swanson, Sharon Burton 

NASA Langley Research Center (HSRL) 

Brian Cairns, MaMeo OMaviani, Mikhail Alexandrov, Kirk Knobelspiesse 
NASA Goddard Ins8tute for Space Studies (RSP) 



B200/HSRL/RSP RACORO Objec8ves 

  Inves8gate varia8ons in aerosol proper8es near clouds 
  Inves8gate varia8ons in aerosol proper8es due to changes in RH 
  Evaluate RSP retrievals of cloud proper8es 
  Provide the ver8cal context for airborne in situ measurements of 

aerosols and clouds 
  Characterize the PBL height and distribu8on of aerosols within 

and above PBL 
  Characterize the ver8cal and horizontal distribu8on of aerosols 

and aerosol op8cal proper8es, including mapping aerosol by type 
and par88oning op8cal depth by type.   

  Develop combined ac8ve+passive retrieval algorithms relevant to 
“A Train” satellites and the NASA Aerosol‐Clouds‐Ecosystem 
(ACE) Decadal Survey Mission 

  CALIPSO Valida8on 



Instruments  

  Independently measures aerosol/cloud 
ex8nc8on and backscaMer profiles at 532 
nm 

  Profile Measurement capabili8es 
–  Extensive measurements 

•  BackscaMer at 532 and 1064 nm 
•  Ex8nc8on at 532 nm 

–  Intensive measurements 
•  Color ra8o (or Angstrom coeff.) for 
backscaMer (β1064/ β532) 

•  Ex8nc8on‐to‐backscaMer ra8o at 532 
nm  

•  Depolariza8on at 532 and 1064 nm 

  Precursor to APS on NASA Glory mission 
  Measures total and linearly polarized reflectance 

in 9 spectral bands (412 nm – 2.25 µm) 
  Retrieval of Stokes parameters 
  Columnar Aerosol retrievals 

–  Op8cal depth 
–  Size distribu8on 
–  Refrac8ve index 

  Cloud retrievals 
–  Op8cal depth 
–  Effec8ve radius, variance of cloud droplet 

size distribu8on   
–  Cloud top and base heights 
–  Liquid water path and droplet number 

distribu8on 

High Spectral Resolu8on Lidar (HSRL)    Research Scanning Polarimeter (RSP 

Hair et al., 2008 
Rogers et al., 2009 



RACORO Opera8ons Scorecard 

• B200 based in Ponca City 
• 19 science flights 
•  15 flights coordinated with Twin 
O>er 
•  4 flights included underpass of 
CALIPSO and A Train 
• 16 flights included overpass near or 
over DOE ARM SGP site 



June 18 



NASA B200 
CIRPAS Twin OMer 

June 18 ‐ Coordinated B200‐Twin OMer Flight  

•  B200 and Twin O>er flew triangular 
coordinated cloud pa>ern typical of the 
pa>ern that was conducted on several days 



• Cloud locaOons, heights, thicknesses oRen 
varied during the flights 
• HSRL profile data can be used to: 

•  IdenOfy locaOon of Twin O>er 
measurements relaOve to cloud and 
aerosol locaOons 
•  Provide the verOcal context for the 
Twin O>er in situ measurements 

June 18 ‐ Coordinated B200‐Twin OMer Flight  

BackscaMer 



June 18 ‐ Coordinated B200‐Twin OMer Flight  

• Suite of HSRL measurements over enOre flight  

BackscaMer 

Ex8nc8on  Ra8o of aerosol depolariza8on (532/1064) 

Lidar Ra8o  BackscaMer Wavelength Dependence 

Aerosol depolariza8on 



June 18 ‐ Coordinated B200‐Twin OMer Flight  

• Suite of HSRL measurements over 12 minute secOon (21:06‐21:18 UT) 

BackscaMer 

Ex8nc8on  Ra8o of aerosol depolariza8on (532/1064) 

Lidar Ra8o  BackscaMer Wavelength Dependence 

Aerosol depolariza8on 



June 8 



June 8 ‐ Coordinated B200‐Twin OMer Flight  

• HSRL measurements over 30 minute porOon (16:30‐17:00 UT) 
• VerOcal variability of aerosol parameters within PBL due to changes in RH 

BackscaMer 

Ex8nc8on  Ra8o of aerosol depolariza8on (532/1064) 

Lidar Ra8o  BackscaMer Wavelength Dependence 

Aerosol depolariza8on 



June 8 – Varia8on of Aerosol Parameters within PBL 
associated with humidifica8on 

• HSRL profile measurements averaged over 7 minutes (16:36‐16:43 UT) 
• VerOcal variability of aerosol parameters within PBL due to changes in RH 

RH from  
Raman lidar 

Ex8nc8on  Lidar Ra8o 
Aerosol 
Depolariza8on 

AOT 
BackscaMer  
Wavelength 
Dependence 



• Aerosol humidificaOon derived from Raman lidar measurements 

RelaOve Humidity (%) 

Aerosol Backsca>er 

Raman lidar measurements of Aerosol Humidifica8on 



June 17 



June 17 – CALIPSO – “A Train” Flight 



BackscaMer 

Ex8nc8on  Ra8o of aerosol depolariza8on 

Lidar Ra8o  BackscaMer Wavelength Dependence 

Aerosol depolariza8on 

June 17 – CALIPSO – “A Train” Flight 

• Note variability of aerosol parameters along flight path   



June 12 



June 12 

BackscaMer 

Ex8nc8on 
Ra8o of aerosol depolariza8on (532/1064) 

Lidar Ra8o  BackscaMer Wavelength Dependence 

Aerosol depolariza8on 



June 12 



June 26 



June 26 – Smoke over SE Oklahoma 



• AOT from Terra MODIS 

June 26 – Smoke over SE Oklahoma 



BackscaMer 

Ex8nc8on 

Lidar Ra8o 

Ra8o of aerosol depolariza8on (532/1064) 

BackscaMer Wavelength Dependence 

Aerosol depolariza8on 

June 26 – Smoke over SE Oklahoma 



RSP/HSRLAerosol Retrieval Example 
June 30, 2008 



ARCTAS June 30th 

–   RSP observaOons of a young smoke plume at two places 

–   RSP and HSRL on B200 flight coordinated with low alOtude in situ 
observaOons on the P‐3 

White: RSP locations 
Red: path 



RSP observa8ons matched to radia8ve transfer 
model 

Dotted: model       Solid: observation 



Scene A 



Scene B 



HSRL Data and Image Availability   

  Quicklook images of HSRL data are available from 
RACORO wiki h>p://wiki.arm.gov/bin/viewauth/AAF/ 

  Preliminary HSRL images and data are available via Rp; 
contact us for username, password 

  A link to this Rp site will be added to the RACORO 
directory in the DOE IOP data archive 

  RSP data will be available from the GISS Rp server by 
the Ome you read this? InformaOon will be provided to 
Andy Vogelmann for distribuOon to those interested.  



Twin OMer Data Sets of Par8cular Interest 

  Aerosol size distribuOon (TDMA, PCASP) measurements 
–  How does aerosol size distribuOon vary in relaOon to: 

•   distance from clouds? 
•   changes in RH? 

  CCN Measurements 
–  How do aerosol parameters measured by HSRL (exOncOon * backsca>er 

wavelength dependence) vary with CCN concentraOon? 



Twin OMer Data Sets of Par8cular Interest 

  Cloud parOcle size, COD (FSSP, Gerber probe, hot wire) 
measurements 
–  For these heterogeneous clouds fields how good are the polarimetric size 

distribuOon esOmates? 
–  Are the opOcal depth esOmates useful? 

  Cloud exOncOon 
(CIN, FSSP) 
measurements 
–  Is the theoreOcal 
relaOonship 
between lidar 
depolarizaOon and 
exOncOon robust? 

  If the parOcle sizing and exOncOon esOmates are robust for CLOWD then lidar
+polarimetry will allow Nc to be accurately esOmated from space. 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